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-jw~oM-jw~ if o VxH = jWE:oE+J, (1) where M and J are the sources of the scattered field due to the ferrous body. M is the magnetization vector (magnetic moment per unit volume), and J the electric current vector. The first equation in (1) is the point form of Faraday's law when we recall that (2) We solve for the fields E and H by superposing the partial fields due to the sources acting independently. The solution for the fields in the region exterior to the sources is given by the two-dimensional 
Upon taking two-dimensional Fourier transforms of the measured fields, E and H, over the plane z = 0, we get the algebraic system:
in which 0 -a kj
This is the basic system from which we derive our model equations.
Before defining the inverse source and scattering models, however, we should point out the following facts about (5):
1. because k·E = 0 and k·H = 0, there are only two independent field components in the region exterior to the sources. 
In the presence of the flaw, we use the same fields and write for the source densities:
where the material parameters a (x,y,z,), ~ (x,y,z) of the anomalous a a region are the unknowns. The approximation that allows us to write (7) follows from the fact that the anomalous region is small, and therefore does not greatly perturb the field that existed at the same point in the unflawed plate. This approximation allows us to decouple the direct scattering problem from the inverse problem.
Next we partition the plate then expand E (z,w)a (x,y,z) and into N layers in the z-direction and z o a H (z,w)~ (x,y,z) in pulse functions o a with respect to this partition. Then, upon taking the three-dimensional Fourier transform of the source functions, and evaluating them over the appropriate sphere in k-space, we get:
where z. is the midpoint of the ith layer and 0 is the z-length of a 1 layer.
The surviving equations in the spectral domain are found from (5) to be:
Consider the y-component of the H-equation; it becomes where we have used the second of Maxwell's equations, (1) , to rewrite E in terms of Hand H. We do this because we assume that it is y x z easier to measure the magnetic field rather than the electric field at the low frequencies of interest here. In (11) we see that there is an essential singularity at kx=O and ky=O. We will come back to this point shortly.
Upon substituting (8) into either (10) or (11), we get the following generic forms:
In all these cases, there are 2N unknowns, ~.(k ,k ), a.(k ,k ), for z 1.xy 1.xy each spectral-pair (k ,k). Hence, in order to get a linear system x y whose solution will be these unknowns, we need to evaluate (12) at a number of different frequencies. Hence, the inverse scattering model involves multifrequency excitation. The number of frequencies ought to be larger than 2N z in order to provide an overdetermined system for a least-squares solution of the first equation in (12). We can use N z frequencies if we measure the two independent components, H x ' Hz' of H and solve the second and third equations in (12).
V. NUMERICAL METHODS
If we choose N f frequencies then any of the equations in (12) becomes an Nf-by-N (or 2N ) system of linear equations. We solve z z this system in a least-squares manner [1, 2J . Because the system is usually ill-conditioned, we must regularize it by using a Levenberg- solving the equations, we take the inverse Fourier transform, using the fast Fourier transform algorithm (FFT), to obtain the spatial distribution of the material parameters. We use analytic continuation to continue the transform solutions through the "essential zeros" that were described in the last section.
Hence, we can summarize the inverse scattering model algorithm as:
Measure the appropriate components of the H-field at N f frequencies, w , .••.. ,w N ' and then compute the 2D FFT of these components. which is the three-dimensional distribution of the electromagnetic parameters throughout the anomalous region.
VI. COMMENTS AND CONCLUSIONS 385
The approach that we have outlined in this paper is computationally intensive and requires efficient algorithms and computer hardware for execution. Such items are rapidly becoming part of the scientific and engineering scene. We have not performed any numerical experiments with this model, yet, but we have performed some on a similar model for nonferrous tubes. The results there were quite encouraging, and we hope to have similar results with the ferrous model soon. An additional feature of the present model is that it should allow the distinction between electrical conduction current and magnetic permeability effects in ferrous metals. This is desirable in, for instance, those problems in which a ferrous metal has been stressed, but not cracked, so that the magnetic permeability, but not electrical conductivity, has been changed from its nominal value. Our inversion technique, in this case, should therefore inform us of such a condition.
